Type 2 diabetes mellitus (T2DM) enhances the risk of macrovascular complications (coronary artery disease, peripheral artery disease, and cerebrovascular disease) and disorders of bone metabolism with serious consequences on morbidity and mortality. Atherosclerosis is the main pathological mechanism in macrovascular disease, inducing an inappropriate proliferation of vascular smooth muscle cells (VSMCs), which is linked to thickening of the arterial wall, atheroma plaque formation, and vascular calcification ([@B1]).

The canonical Wnt or Wnt/β-catenin pathway is increasingly related to the regulation of proliferation, migration, and survival of VSMCs ([@B2]--[@B4]). Furthermore, a gene mutation implicated in this pathway has been associated with hyperlipidemia, hypertension, and early coronary artery disease in metabolic syndrome patients ([@B5]). In these patients, abnormal canonical Wnt signaling has been also implicated in disturbances of the lipids, glucose, and bone homeostasis ([@B6]--[@B9]).

The Wnt/β-catenin pathway results from Wnt proteins binding to its receptors Frizzled and its coreceptors LRP-5 and -6 on the cell surface. The formation of the complex increases the stability of β-catenin, which leads to its translocation in the nucleus and induces transcription of Wnt target genes ([@B10]). The canonical Wnt pathway is modulated by several Wnt antagonists, including a family of proteins such as soluble Frizzled-related receptors (sFRPs) and dickkopfs (DKKs), which have been shown in physiological and pathological processes to be related to vascular injury in experimental mice ([@B9],[@B11]--[@B13]) and humans ([@B9],[@B14]).

On the other hand, sclerostin is an endogenous antagonist secreted almost always exclusively by osteocytes, and it has been extensively studied as a major regulator of canonical Wnt pathway in bone metabolism ([@B15],[@B16]). We have previously reported that circulating sclerostin is increased in T2DM and its relationship with bone turnover and bone mass. Moreover, in T2DM sclerostin levels are related to duration of T2DM and HbA~1c~ ([@B17]). Notably, sclerostin was highly expressed in calcified aorta tissues from a diabetic murine model ([@B18]) and in human aortic samples from three patients with atherosclerosis ([@B19]). Recently, besides sclerostin production by osteocytes, in vitro assays under a calcifying environment showed sclerostin expression in VSMCs ([@B20]) that were able to undergo phenotypic transition to mineralizing osteoblast-like cells, expressing several osteogenic genes---among them, the protein product of the *SOST* gene (sclerostin). These findings suggest an additional role for sclerostin on vascular pathology, but at present this fact remains to be evaluated. In this context, our aim was to study the relationship between serum sclerostin and atherosclerotic disease (AD) and vascular calcification in T2DM.

RESEARCH DESIGN AND METHODS {#s1}
===========================

Our cross-sectional study included 78 T2DM patients with diagnosis of diabetes according to American Diabetes Association criteria (2005). From January 2006 to December 2007, we consecutively recruited patients who had been referred to our outpatient clinic from primary care centers for treatment of diabetes. Patients were classified into two groups according to the presence of AD: AD group (*n* = 44) and non-AD group (*n* = 31). Inclusion criteria for patients with AD were cerebrovascular disease (ischemic stroke or transient ischemic attack), coronary heart disease (previous myocardial infarction, diagnosed stable or unstable angina, or coronary revascularization surgery), or ischemic peripheral arterial disease. There are some local administrative constraints for referring patients to Endocrinology in our area, and patients with longer diabetes duration and with comorbidities are more likely to be referred than those without.

All were Caucasians and ambulatory, had normal values of serum calcium and phosphorus, and did not have renal, hepatic, gastrointestinal, or thyroid diseases. All patients were on medications for diabetes, including metformin, sulfonylureas, insulin, and a combination of these drugs. None of them had been treated with calcium supplements, vitamin D preparations, hormone therapy, antiresorptive therapy, thiazides, steroids, or other medications that might affect bone metabolism. Patients treated with thiazolidinediones were also excluded.

The study was conducted with the approval of the ethics committee of the San Cecilio University Hospital and conformed to the relevant ethics guidelines for human and animal research. Written informed consent was obtained from all subjects.

Clinical evaluation {#s2}
-------------------

Height, weight, and waist circumference were measured at baseline according to standard procedures. Weight was measured to the nearest 100 g using digital electronic scales. Height and waist circumference were measured to the nearest 1 mm using a stadiometer and a metal anthropometric tape, respectively. BMI was calculated as weight divided by the square of height in meters.

Blood pressure was measured in a standardized manner. After subjects remained at rest for at least 5 min, blood pressure was measured twice using a standard mercury sphygmomanometer (12 cm long and 35 cm wide). The mean of the two values was used for analysis. We defined hypertension as values ≥140/90 mmHg and/or antihypertension treatment. Participants reported alcohol use, smoking status, and level of physical activity with a specific health questionnaire. Patients were classified as having a significant alcohol intake if it was \>40 g/day in males and 24 g/day in women. Smoking status was categorized as no tobacco use or current tobacco use. Physical activity was collected through a specific questionnaire in which study subjects considered activity levels on a scale from 0 (none) to 10 (sport \>1 h four times per week). Based on the results, the study sample was divided into two groups: sedentary (\<5 on the scale) and not sedentary (≥5 on the scale).

Biochemical measurements {#s3}
------------------------

Biochemical parameters, including fasting plasma glucose, HDL cholesterol, LDL cholesterol, triglycerides, and creatinine, were measured by standard biochemical methods. Dyslipidemia was defined according to Third Report of the Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) criteria or current treatment with statins. HbA~1c~ was determined by high-performance liquid chromatography (ADAMS A1c, HA-8160; Menarini), and homocysteine levels were determined by immunoassay (Abbott, Wiesbaden, Germany).

Serum sclerostin was measured using a commercially available ELISA (Biomedica, Vienna, Austria) according to the manufacturer's instructions. In our laboratory, we assay duplicates for all values. Precision was tested by determination of intra-assay and interassay variation. Two samples of known concentrations were tested six times for assessment of intra-assay variability, which resulted in 4%. Moreover, two samples of known concentrations were tested in three assays from two different operators to assess interassay variability, which was 3%. Sclerostin measurements are reported in picomoles per liter, and the lower limit of detection was \<10 pmol/L.

Carotid intima-media thickness and aortic calcification measurements {#s4}
--------------------------------------------------------------------

Ultrasonographic examination of the carotid arteries was performed with patients in the supine position using Doppler ultrasonography (Toshiba PowerVision 6000). The maximum intima-media thickness (IMT) at the carotid bifurcation (BIF) was determined between the near and far walls of the BIF on the right and left sides. Each part was measured from views of both longitudinal and vertical sections at the BIF. If a discrepancy was observed in the measured values between longitudinal and vertical sections, the smaller value was selected to avoid overestimation. BIF-IMT was defined as the mean of the measurements from the right and left sides. The value for each side was obtained from the mean of 10 wall measurements. The BIF-IMT, measured in millimeters, was considered pathological if it was ≥0.9 mm and was considered carotid atherosclerosis if the BIF-IMT was ≥1.2 mm or 50% greater than the BIF-IMT in the adjacent area ([@B21]). Plaques were identified as calcified by findings of bright white echoes on sonography. A single trained sonographer performed the ultrasonographic study in all subjects.

The presence of aortic calcification was evaluated on lateral-view conventional X-rays of the thoracic and lumbar spine (T4--L5). Severity of anterior and posterior aortic calcifications was graded individually on a scale of 0--3 at each lumbar segment, and the results were summarized ([@B22]). Patients with calcification in one or more lumbar segments were considered to have aortic calcification. The radiographs were analyzed by two independent investigators who were blinded to each other\'s readings. In instances of disagreement, M.M.-T. analyzed the radiograph to confirm the diagnosis of aortic calcification.

Statistical analysis {#s5}
--------------------

Data were expressed as means ± SD. Data for categorical variables are presented as percentages. Kolmogorov-Smirnov test was used to test the normality of distribution of continuous variables. For continuous variables, mean values between two groups were compared by unpaired Student *t* test for normally distributed variables and Mann-Whitney *U* test for skewed variables. The χ^2^ test was used to compare categorical variables between groups. Pearson (normal distribution) and Spearman correlation analyses (nonnormal distribution) were used to assess the correlations between serum sclerostin and other continuous parameters, and we used partial correlations to correct the possible influence of age on sclerostin values.

Multiple backward model of logistic regression analysis was performed to identify sclerostin as an independent predictor of AD (dependent variable) in T2DM patients. The model included established atherosclerotic risk factors (age, sex, BMI, hypertension, dislipidemia, smoking, sedentarism, HbA~1c~, creatinin, homeocysteine, and IMT). AD-defining parameters (cerebrovascular disease, coronary heart disease, or ischemic peripheral arterial disease) were not included in the multiple logistic regression model. To determine the independent variables correlated with sclerostin (dependent variable), the parameters that correlate significantly in univariate analysis and others that are biologically linked to sclerostin were tested in multiple backward model linear regression analysis. The usefulness of serum sclerostin as a marker of high risk of AD in T2DM was analyzed using a receiver operating characteristic (ROC) curve. A *P* value \<0.05 was considered significant (two-tailed). Data were recorded and analyzed using SPSS, version 18.0, software (SPSS, Chicago, IL).

RESULTS {#s6}
=======

Baseline characteristics of the study population {#s7}
------------------------------------------------

The clinical characteristics of the T2DM patients are summarized in [Table 1](#T1){ref-type="table"}. Both groups were comparable in clinical, anthropometric, and biochemical parameters except AD-defining parameters and AD surrogate markers.

###### 

Anthropometric and biochemical parameters of study subjects according to AD status

![](1667tbl1)

Association of serum sclerostin levels in T2DM patients with AD {#s8}
---------------------------------------------------------------

Serum sclerostin concentrations of T2DM patients in the AD group were significantly higher than in the non-AD group (59.0 ± 26.2 vs. 44.8 ± 16.5 pmol/L, *P* = 0.006) ([Table 1](#T1){ref-type="table"}). When subjects were further divided according to sex ([Fig. 1*A*](#F1){ref-type="fig"}), we found that serum sclerostin differences were maintained in AD males compared with non-AD males and females. Furthermore, serum sclerostin levels were higher in males than in females in both groups but only reached significance in the AD group.

![Sclerostin serum levels in female (white bars) and male (gray bars) T2DM patients with and without AD (*A*), abnormal IMT (*B*), carotid plaque (*C*), and aortic calcifications (*D*). Data are means ± 95% CI. Significant differences between group regions are indicated by a bar with the *P* value given above.](1667fig1){#F1}

A model of logistic regression analysis was performed using the presence of AD as a dependent variable. Independent variables were serum sclerostin levels and atherosclerotic risk factors (age, sex, BMI, hypertension, dislipidemia, smoking, sedentarism, HbA~1c~, creatinin, homocysteine, and IMT). Only serum sclerostin levels were independent predictors of the presence of AD in T2DM (odds ratio 1.040 \[95% CI 1.009--1.072\]; *P* = 0.012). Therefore, for each picomole per liter of serum sclerostin level increase, there is a 4% increase risk in AD in T2DM patients.

In the ROC curve analysis to evaluate the usefulness of sclerostin as a marker for high risk of AD ([Fig. 2*A*](#F2){ref-type="fig"}), the area under the curve was 0.654 (*P* = 0.025). A concentration of ≥42.3 pmol/L showed a sensitivity of 69% and a specificity of 54.8% for identifying an increased risk of AD.

![Sclerostin ROC curve for AD (*A*), abnormal IMT (*B*), carotid plaque (*C*), and aortic calcifications (*D*). AUC, area under the curve.](1667fig2){#F2}

Association of serum sclerostin levels in T2DM patients with surrogate markers of AD {#s9}
------------------------------------------------------------------------------------

In addition, in the entire cohort we analyzed the associations between serum sclerostin levels and surrogate markers of AD, such as abnormal IMT ([Fig. 1*B*](#F1){ref-type="fig"}), carotid plaque ([Fig. 1*C*](#F1){ref-type="fig"}), and aortic calcifications ([Fig. 1*D*](#F1){ref-type="fig"}). Male patients had higher concentrations of serum sclerostin compared with females.

In males, serum sclerostin levels were higher patients with versus without abnormal IMT, carotid plaques, and aortic calcifications. In females, similar results were found, except for a lack of significance in serum sclerostin concentrations in patients with versus without carotid plaques.

The ROC curve analysis to evaluate the usefulness of sclerostin as a marker for high risk showed an area under the curve of 0.754 ± 0.059 (*P* \< 0.001) for abnormal IMT thickness ([Fig. 2*B*](#F2){ref-type="fig"}), 0.800 ± 0.064 (*P* \< 0.001) for carotid plaque ([Fig. 2*C*](#F2){ref-type="fig"}), and 0.760 ± 0.062 (*P* = 0.001) for aortic calcification ([Fig. 2*D*](#F2){ref-type="fig"}). A concentration of ≥42.9 pmol/L showed a sensitivity of 73.7% and a specificity of 69% to identify an increased risk for abnormal IMT. A concentration of ≥44.4 pmol/L showed a sensitivity of 85% and a specificity of 65.2% to identify an increased risk for carotid plaque, and a concentration of ≥44.3 pmol/L showed a sensitivity of 75% and a specificity of 65% to identify an increased risk for aortic calcification.

Relationship of sclerostin serum levels in T2DM patients with anthropometric and biochemical parameters of AD risk {#s10}
------------------------------------------------------------------------------------------------------------------

In male T2DM patients, significant positive correlations were observed between serum sclerostin levels and age (*r* = 0.34, *P* = 0.03), IMT (*r* = 0.48, *P* = 0.002), serum creatinin (*r* = 0.43, *P* = 0.006), and homeocysteine (*r* = 0.33, *P* = 0.047). After further adjustment for age, only creatinin (*r* = 0.43, *P* = 0.02) and homocysteine (*r* = 0.42, *P* = 0.02) remained significant. In contrast, we found no relation between sclerostin levels and age in female T2DM patients. However, in this group, sclerostin concentrations were positive related to HbA~1c~ (*r* = 0.46, *P* = 0.008) and homocysteine (*r* = 0.56, *P* = 0.0.002) and remained significant after adjustment for age. Moreover, in the entire cohort we found a positive correlation between levels of sclerostin and IMT (*r* = 0.52, *P* \< 0.001) ([Fig. 3](#F3){ref-type="fig"}).

![Statistically significant positive correlation between sclerostin concentration and IMT in the whole T2DM population.](1667fig3){#F3}

Linear regression analysis was performed to determine the influence of independent factors identified in univariate correlation analysis, including sex, age, HbA~1c~, creatinin, homocysteine, and IMT as independent variables that explain serum sclerostin levels. The analysis demonstrated that homocysteine (β = 0.319 \[95% CI 0.561--2.586\], *P* = 0.003) and IMT (β = 0.330 \[14.237--67.693\], *P* = 0.003) were positively associated with serum sclerostin, independently of sex.

CONCLUSIONS {#s11}
===========

Our cross-sectional study shows for the first time that higher sclerostin levels are associated independently with AD in T2DM patients. Secondly, high concentrations of sclerostin were associated with abnormal IMT, carotid plaques, and aortic calcifications in T2DM males. We found similar differences in T2DM females with abnormal IMT and aortic calcifications. Thirdly, we found a significant positive correlation among sclerostin levels, homocysteine, and IMT in T2DM patients, independently of sex.

The higher levels of sclerostin observed in T2DM patients with AD suggest a specific role of sclerostin in this process, confirming data from preclinical studies. Previous reports on the Wnt signaling antagonist sFRP ([@B11],[@B13]) illustrated that its upregulation after injury was involved in healing and homeostasis of vascular tissue. In support of this hypothesis, data with the Wnt signaling agonist Dishevelled (Dvl) ([@B23]), which acts as a positive regulator of the Wnt pathway, showed that activation of Wnt signaling was sufficient and critical for the induction of vascular injury. Therefore, sclerostin might also be indicative of a defensive mechanism activated in order to block or to attenuate the canonical Wnt pathway. The overexpression of sclerostin may influence disease progress, leading to restoration of quiescent Wnt signaling observed under health conditions.

We found an increase of serum sclerostin in T2DM patients with abnormal IMT and advanced aortic calcification. Moreover, T2DM males with carotid plaques had increased levels of sclerostin compared with those without carotid plaques. Our finding of a relationship between sclerostin and vascular status might be explained, at least in part, by sclerostin production not only by osteocyte cells from skeleton but also, mainly, by sclerostin upregulation in vascular cells previously transformed to osteocytic phenotype after osteogenic regulation, such as has been shown recently in VSMCs under calcifying conditions ([@B20]). Several studies on Wnt inhibitors have shown an increase of its expression in advanced carotid plaques (DKK1 antagonist) and in calcified aortas (SFRP1, -2, and -4), supporting the role of inhibitors in the establishment of a defensive response to reduce the activation of the Wnt pathway and, accordingly, to reduce ossification and avoid further atherosclerotic progression ([@B9],[@B13]). By contrast, the positive association between IMT and serum sclerostin seen in our study with T2DM patients was different from the findings of another study in chronic kidney disease ([@B24]), which showed a lack of correlation between sclerostin and a surrogate marker of arterial stiffness.

Several groups have previously reported opposed findings concerning the correlation between serum sclerostin concentrations and age ([@B17],[@B25],[@B26]). We found positive correlations in serum sclerostin levels with aging in male but not in female T2DM patients. This finding may reflect imbalances in vascular remodeling seen with aging in males in addition to skeletal remodeling. Also, higher sclerostin levels were observed in males compared with females as previously documented ([@B17],[@B25]). This sex difference could result from an influence of sex hormones on sclerostin production ([@B27]). In particular, large differences were found when sclerostin levels were compared in male versus female T2DM patients with AD or presence of abnormal IMT, carotid plaque, or aortic calcification. Differences can be explained by the scarce association between traditional risk factors for AD in females compared with males ([@B28]--[@B31]).

The significant positive correlation between sclerostin and creatinin values in male T2DM patients can be explained by a lack or reduction of clearance of the protein sclerostin, which, owing to its molecular weight of 22 KD, would be cleared by the kidney. Thus, we noticed that sclerostin concentrations were positively associated with HbA~1c~ levels in female T2DM patients. Hyperglycemia has effects on vascular complications ([@B32]) and also on the formation of advanced oxidation protein products that induce vascular calcification by promoting osteoblastic trans-differentiation of VSMCs ([@B33]), which could explain, at least in part, overexpression of sclerostin in T2DM patients. To determine the factors independently associated with sclerostin, we included sex and all significant variables correlating with sclerostin (age, HbA~1c~, creatinin, homocysteine, and IMT) in a multiple linear regression analysis. We found that homocysteine and IMT were factors independently associated with sclerostin levels. High plasma homocysteine level is an independent risk factor for the development of atherosclerosis, cardiovascular events, and stroke ([@B34]). Thus far, there is only one report showing the relationship between sclerostin metabolism and homocysteine in postmenopausal women ([@B35]). On the other hand, carotid IMT is a strong predictor of vascular events ([@B36]). To our knowledge, this is the first report that reveals a relationship between serum sclerostin levels and IMT. Future studies are required to uncover the relationship among sclerostin, homocysteine metabolism, and AD.

Our cross-sectional study has some limitations. First, the cross-sectional design does not allow establishment of a cause-effect relationship. Second, the sample size is relatively small and might affect the statistical power. However, we believe that our findings are consistent. Moreover, pharmacologic treatment of patients with vascular disorders may have influenced the results. Strengths of our study are the evaluation of circulating serum sclerostin in patients with T2DM and AD for the first time and the exhaustive evaluation of biochemical and clinical parameters of atherosclerotic risk.

In summary, our observation that sclerostin circulates in a significant amount in T2DM patients with atherosclerotic lesions may support the hypothesis that sclerostin action is not only on the regulation of bone formation. Although the sample size of our study is small, we suggest that sclerostin circulating levels are a major modulator of Wnt signaling in AD, and they are implicated in the vascular integrity in T2DM. Nevertheless, it remains to be established whether higher levels of sclerostin have a protective role in the survival of patients with AD. The usefulness of sclerostin as a serum marker of atherosclerotic risk and vascular lesions in T2DM patients merits further prospective studies.

This work was supported by grants from Fondo de Investigación Sanitaria (Instituto de Salud Carlos III \[PI081302\]) and Red Temática de Investigación Cooperativa en Envejecimiento y Fragilidad (RD06/0013/1014).

No potential conflicts of interest relevant to this article were reported.

S.M.-S. wrote the manuscript and researched data. B.G.-F. researched data and contributed to discussion. A.G.-M. reviewed and edited the manuscript. P.R.-M. and J.A.G.-S. researched data. R.R.-G. reviewed and edited the manuscript. J.A.G.-S. and M.M.-T. contributed to discussion and reviewed and edited the manuscript. M.M.-T. is the guarantor of this work and, as such, had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
